This paper reviews evidence regarding change in healthcare-provider behaviour and maternal and neonatal outcomes as a result of emergency obstetric and neonatal care (EmONC) training. A refined version of the Kirkpatrick classification for programme evaluation was used to focus on change in efficiency and impact of training (levels 3 and 4). Twenty-three studies were reviewed -5 randomised controlled trials, 2 quasi-experimental studies and 16 before-and-after observational studies. Training programmes had all been developed in highincome countries and adapted for use in low-and middle-income countries. Nine studies reported on behaviour change and 13 on process and patient outcomes. Most showed positive results. Every maternity unit should provide EmONC teamwork training, mandatory for all healthcare providers. The challenges are: scaling up such training to all institutions; sustaining regular in-service training; integrating training into institutional and health-system patient-safety initiatives; and 'thinking-out-of-the-box' in evaluation research.
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INTRODUCTION
Maternal and perinatal mortality remain major challenges to health systems globally, especially in low-and middle-income countries (LMICs) [1] [2] [3] . The Millennium Development Goals 4 and 5 called for the reduction of under-five mortality rates (which includes neonatal deaths) and maternal mortality ratios by three quarters by the year 2015.
Many countdown countries have been unable to make sufficient progress [3, 4] , with the subSaharan region faring the worst with maternal morbidities and mortalities [5] . Where underfive mortality has been reduced, the rate of decrease in neonatal mortality is much slower [6] .
In high-income countries (HICs) reports like the United Kingdom's (UK's) Confidential
Enquiry into Maternal and Child Health and the Joint Commission on Accreditation of
Healthcare Organizations in the United States (US) identified substandard care and a high incidence of medical errors as the cause of a significant proportion of preventable patient morbidity and mortality [7, 8] . The uniqueness of challenges in obstetric emergencies demands "excellent teamwork and superior communication skills between multiple medical teams" (p. 40) [9] . One of the root causes cited for substandard care is a threatening organisational culture that undermines teamwork and communication, leading to: confusion in roles and responsibilities; lack of cross-monitoring; failure to prioritise and perform clinical tasks in a structured coordinated manner; and lack of support for healthcare providers [7, 8] . These failures necessitated a shift in training away from individual technical perfection only to better team co-ordination for patient safety through error management and improved processes [10] [11] [12] [13] . Numerous health authorities, institutions involved in maternal, neonatal and child health, and labour wards have developed or are developing emergency obstetric and neonatal care training packages to address the changed training needs. • Anecdotal and experiential reports • Reviews • Self-reports not part of a study type identified for inclusion obstetric*"; "comprehensive emergency obstetric*"; "obstetric care training"; "train*";
"team"; "fire drill*"; "emergency drill*"; "simulation"; "simulator"; "mannequin*" / "manikin*"; "shoulder dystocia"; "eclampsia"; "postpartum haemorrhage"; "breech";
"vacuum"; "forceps". Reference lists from relevant publications were also consulted with a view to identifying possible additional studies to include in the review. A supplementary online file provides details of the search flow.
Owing to the heterogeneousness of studies, the complexity of some training interventions, and variations in assumptions, understandings and descriptions of these interventions, inclusion and exclusion criteria were further refined during the review process for facilitating a manageable set of publications. These criteria are summarised in Table 1 . For two of the articles the full papers could not be accessed and their abstracts were included in the analysis [17, 18] . The results for each paper were tabulated in detail (supplementary online file 2) and tables were created with extracted data for investigating particular aspects of training (supplementary online file 3). As the purpose of the review was to map the terrain of EmONC training reports, evidence was not graded.
SYNOPSIS OF PEER-REVIEWED ARTICLES INCLUDED IN THE REVIEW
The 35 identified peer-reviewed articles represented 23 studies or trials. Ten of the papers were related to the Simulation and Fire-drill Evaluation (SaFE) study and were treated as one intervention [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . Two articles reporting on the Programa de Rescate Obstétrico y Neonatal: Tratamiento Óptimo y Oportuno (PRONTO) trial were included (the pilot study and some of the first results pertaining to changes after the second training module) [29, 30] .
Note was taken of abstracts that demonstrate the real impact of the intervention [31, 32] , but they were not formally included. Three papers with results from the 'in-house' training in Bristol in the UK were also grouped together [33] [34] [35] . A synopsis of the 23 studies analysed is given in Table 2 .
The studies comprised five randomised controlled trials (RCTs), two quasi-experimental studies and 16 before-and-after observational studies. Thirteen studies had been conducted in [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] 6 DH (L2&L3) -HIC 10 RCT 2a,b,c 3b NHS Foundation Trust, Liverpool, UK [44, 45] --HIC 1 Before-after 4b,c Victoria, Australia [46] 7 [48] --LMIC 1 Before-after 1 2b −−− −−− Sub-Saharan Africa (7 countries) [49] --LMIC 1 Before-after 1 2b,c −−− −−− Somaliland, Somalia [50] 3 8 LMIC 1 Before-after 1 2b,c 3a 4b Making it Happen, Bangladesh & India [52] 4 DH (Bangl.) [54] 3 DH; 3 FH 40 LMIC 1 Quasi-experimental 3c CRM based National study, US [58] 15 -HIC 1 RCT 4c Beth Israel Deaconness Medical Center, US [59] 1 TTH -HIC 1 Before-after 2a 4b,c Perinatal Safety Initiative, US [60] 1 TH -HIC 1 Before-after 3a 4b,c Rhode Island Hospital, US [61] 1 -HIC 1 Before-after 4b,c Geneva University Hospital, Switzerland [63] 1 TTH -HIC 1 Before-after 1 2a 3a TeamSTEPPS, US [18] 3 CH -HIC 1 RCT 2a 4c OBCTT, Southeast US [62] 1 TTH -HIC 1 Quasi-experimental before-after 1 2a,b,c −−− −−− OTHER CEmONC, Tanzania [17] 1 DH LMIC 1 Before-after 3c Copenhagen University Hospital, Denmark [64] 1 TTH -HIC 1 Before-after 1 2a,b 3a 4b University of Oporto, Portugal [65] 1 TTH -HIC 1 Before-after 1 2b 3a * In progress -abstracts not included [31, 32] DH = district hospital L1 = level 1 There were also reports on three locally developed 'in-house' training programmes offered in Tanzania, Denmark and Portugal respectively [17, 64, 65] . The basic and comprehensive emergency obstetric and neonatal care (BEmONC and CeMONC) training run in many low income countries is often based on the World Health Organization (WHO) training reference manuals [66, 67] . This is provided when donor support is available (often for multiple interventions simultaneously). There is little follow up on the quality of the training and the long-term supervision of participants in their work environment. We could only find one study from Ethiopia that did not fit our inclusion criteria but that aimed at improving the quality of BEmONC with the intention to do some post-training follow up [68] .
In the studies included in the review researchers used different lenses to study EmONC skill training. Not all their training interventions were described in detail and we did not make a detailed comparison between any interventions. To understand differences in training approaches it is useful to differentiate between curricula (sometimes called a training We distinguish between didactic and simulation delivery methods, mostly provided in combination in the training packages. In some studies the didactic lecture-based approach included competency-based classroom teaching enhanced with other interactive activities (e.g. discussions, demonstrations and skills practice). In some studies simulation was further specified as being conducted in a team-training mode. Not all the studies specified the kind of simulation included; some, however, did refer to low-fidelity simulators or training models 
THE KIRKPATRICK CLASSIFICATION OF EVALUATING TRAINING PROGRAMME
Kirkpatrick's model of programme evaluation [73] is one of the most popular systems for evaluating training programmes [74, 75] . A number of studies in the literature reviewed indicated how their authors had evaluated their own programmes according to the four levels of training achievements described by Kirkpatrick [11, 14, 19, 50, 63, 64, 68, 76] . The first two levels refer to the reaction of training participants (satisfaction after training) and the knowledge and skills learning of the trainee. The third level measures the implementation or application of learned skills and behaviour in clinical practice. The most advanced level relates to the patient effect of training assessed by measurable clinical outcomes [19, 73] . In order to distinguish more clearly between diverse indicators that are lumped together at one level (e.g. technical versus non-technical skills; objective effect versus subjective perceptions of effect) [77] , we refined the Kirkpatrick levels by adding sublevels to levels 2 to 4. These distinctions make better provision for surrogate markers used to measure actual effect (e.g.
administration of an essential drug for team efficiency and patient outcome; or change in staff safety attitudes for behavioural change) [11, 24, 78 ] .
In the refined classification level 1 remains as is, measuring course-participant satisfaction. processes (4b), from which benefits to patients can follow (4c). Patient outcomes are described in terms of a decrease in mortality, morbidity and adverse events. The 'gold standard' for an efficient EmONC training programme would be demonstrably improved maternal and/or neonatal outcomes [19] . Table 3 gives a detailed description of the refined interpretation of the Kirkpatrick classification.
ASSUMPTIONS ABOUT TRAINING
The papers reviewed revealed three types of assumptions triggering study designs where training is central. Authors assumed that:
(1) It was not clear yet if training would have an effect on knowledge, skills, provider or organisational behaviour, or patient outcomes.
(2)
Training had an effect on organisational or provider behaviour and patient outcomes.
It was not clear if some forms of training would have a greater effect than others. 
IMPACT OF SKILL TRAINING IN EMERGENCY OBSTETRIC AND NEONATAL CARE
The classification of each of the studies according to the revised Kirkpatrick model is depicted in Table 2 . Ten studies reported on participants' reaction to training (level 1) and 13 studies on participant learning (level 2). Nine studies reported behaviour changes (level 3).
Only the study by Crofts et al [20] that was part of the SaFE trial investigated skill retention six months and one year after training (level 3b). Four studies reported changes in behaviour or practice (level 3c) [17, 34, 35, 54, 57] . Thirteen studies had outcomes at level 4, of which 11
wanted to demonstrate the impact on patient outcome associated with training (level 4c).
Four studies reported the maternal and neonatal outcomes in a more holistic way by the use of an Adverse Outcomes Index (AOI) [58, 59, 61] or a modified AOI [60] with weighted maternal and neonatal indicators or outcomes to measure the impact of a programme associated with training. The only RCT using a CRM approach did not show a significant difference in the AOI between the intervention and control hospitals, possibly because of the short time frame for conducting the trial and assessing the impact [58] or because it was not simulation based [79] .
Most of the other studies included in the analysis reported on specific indicators or elements included in the AOI. With regard to infant outcomes, three studies reported, after training, a significant reduction in Apgar scores <7 at 5 minutes [33, 44, 57] , whereas in the Australian PROMPT study the reduction was only significant at 1 minute [46] . Drayott and colleagues
[33] reported a 50% reduction in hypoxic-ischaemic encephalopathy (HIE) after training.
Scholefield et al refer to a reduction of 50% in cord pH <7 [44] and Shoushtarian et al to improved cord lactates [46] . Three studies reported on the decrease of birth trauma after training, one unspecified [60] and two on brachial plexus injury [34, 44] . An abstract on an Americanised PROMPT study not included in our review also reported significant reductions in brachial plexus injuries and perinatal HIE [80] . The QUARITE trial could only demonstrate a significant decrease in neonatal mortality in hospitals in the capitals of Mali and Senegal [36] . In the same trial there was no effect on stillbirths [36] , an observation also made in a UK study [33] . An abstract on the PRONTO study refers to a 44% reduction in perinatal mortality 8 months after training [31] .
Less information is available on maternal outcomes after training. Two studies from Tanzania [12] and Kenya [57] observed a significant decrease in postpartum haemorrhage, although in the latter study there was no significant reduction in the case fatality rate [57] . In terms of a reduction in maternal mortality the QUARITE study documented a decrease in maternal deaths from haemorrhage, pre-eclampsia or eclampsia, and puerperal infection in the intervention group, but the mortality reduction was only significant in the capital hospitals and district hospitals, but not in regional hospitals [36] . The PRONTO trial reported a reduction of 68% in eclampsia 12 months after the intervention (abstract only) [31] . LMICs, there is a high demand for competency in EmONC [68] . Therefore, the training focus is on improving capacity and providing safe clinical skills to directly reduce maternal and neonatal mortality and morbidity.
FUTURE AGENDA
From the Kirkpatrick classification it can be concluded that sufficient evidence exists that Scaling up a training package across a health system beyond the original limited number of testing sites and maintaining the same high quality required for a scientific study remains problematic for both HICs and LMICs [82, 83] . Ni Bhuinneain and McCarthy refer to a possible short-term Hawthorne effect with unsustainable outcomes on a larger scale [70] .
Policies enabling or supporting the implementation of EMONC training packages are essential [33, 50, 69, 83] , as well as supportive work environments and across-the-board participation at all levels of the health system [39] . Choosing realistic low-tech training equipment may facilitate onsite training because of a more equal distribution of available resources that can enable more appropriate training for a greater number of healthcare workers. Furthermore, a balance has to be found between what Dixon-Woods et al call "externally and internally initiated improvement efforts" (p. 878) [82] . In LMICs most
BEmONC and CEmONC training is donor funded with little follow up on quality of training and supportive supervision. Donor agencies tend to fund short-term, fast-tracked interventions with a "quick impact" that often run parallel to a country's health system [84] .
There is little evidence of internally initiated efforts of embedding training packages in the health system as part of normal in-service training and practice. [26] and staff coverage. In the UK, annual obstetric skills training is required, a recommendation endorsed by the SaFE study [20] . In the Bristol study at Southmead
Hospital, where the association between training and improved clinical outcomes was first demonstrated, more than 99% of staff had attended the training [33] . The SaFE study, however, noted variations in staff attendance of sessions after initial training that could possibly be related to staff members' levels of knowledge, skills and motivation, with the less skilled feeling less confident to attend [20] . providers [9] ; reasons for individual non-participation in in-service training sessions [20] ; and assessments that improve staff participation and performance [45] . The research agendas proposed by other papers in this issue highlight further areas of research in EmONC training [12, 53, 72] . Moving beyond the question of "Does the training work?" to questions such as "How does the training work?" and "Why does the training work?" may provide the necessary scope for expanding the research agenda [75, 85] . It may be necessary to move beyond the outcome-based Kirkpatrick model of evaluating training to come to "insight into the underlying mechanisms that hinder or enable the achievement of higher-level program outcomes" (p. 1389) [86] . 
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